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AThe  radiation  pattern  of  the  Completely  Overlapped  Subarray  Antenna  can 
be  calculated.  Knowledge  of  the  phase  and  amplitude  of  the  contribution  from 
each  element  can  be  used  to  determine  an  appropriate  weight  for  each  element 
to  achieve  a  desired  pattern.  The  16  feed  elements  on  Face  B  of  the  antenna 
allow  pattern  control  at  15  discrete  points  in  the  pattern.  Success  in  using 
this  method  requires  an  accurate  determination  of  the  individual  element  con¬ 
tributions.  Random  phaBe  and  amplitude  errors  cannot  be  sensed,  and 
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20.  Abstract  (Continued) 


therefore  cannot  be  compensated  for.  If  the  approximate  angles  of  arrival  of 
jamming  signals  are  known,  and  the  number  of  jammers  is  smaller  than  the 
number  of  elements  in  the  locating  array,  a  tap  loop  behind  each  element  can 
determine  the  noise  covariance  matrix.  A  quiescent  noise  power  level  is 
assumed,  and  the  adjoint  of  the  matrix  calculated.  When  discontinuities  occur 
in  the  pattern,  they  indicate  the  directions  of  arrival  for  jamming  signals.  The 
pattern  of  the  Overlapped  Subarraj^Antenna  may  then  be  changed  to  place  nulls 
in  the  directions  of  the  jammers. 
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Adaptive  Feed  Control  Using  The  Completely 
Overlapped  Subarray  Antenna 


1.  THEORY 


The  far-field  radiation  pattern  of  the  linear  array  shown  in  Figure  la  is  the 

[sJSJl]  2  pattern  of  Figure  lb.  This  pattern  is  formed  by  the  complex  addition  of 
the  contributions  from  each  of  the  n  array  elements.  The  contribution  from  the 
nth  element  (neglecting  any  mutual  coupling  between  elements)  in  the  far  field  is 
that  of  a  single  isotropic  radiator. 

When  a  phase  and/or  amplitude  weighting  taper  is  placed  across  the  array,  the 
resultant  pattern  can  be  found  from  the  complex  addition  of  the  weighted  element 
contributions.  The  element  weights  needed  to  produce  a  desired  pattern  can  be 
calculated  mathematically. 

In  a  Completely  Overlapped  Subarray  Antenna  the  situation  is  only  slightly  more 

complicated.  Figure  2a  shows  one  experimental  version  of  this  antenna.1  Figure  2b 

shows  the  computer  generated  quiescent  (unadapted)  far-field  pattern  for  tills  real- 

o 

izatlon.  The  low  sidelobes  are  achieved  by  placing  a  cos  -on-a-pedestal  amplitude 
taper  across  the  16  channels  of  the  power  combiner  (Face  A).  The  use  of  face  A 
for  any  pattern  control  weighting  would  upset  this  taper  and  raise  the  sidelobes. 

Also,  the  main  radiating  aperture  (Face  C)  contains  too  many  (60)  elements  for 
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1.  Southall,  H.  L.  (1980)  Completely-overlapped -subarray  fed  antenna  for  broad¬ 
band,  wide  Scan  angle,  low  aldelobe  radar  applications,  1980  Antenna 
Applications  Symposium,  September  1980,  University  of  Illinois,  Monticello, 


cost-effective  pattern  control.  Thus,  we  must  confine  our  control  efforts  to  the 
face  of  the  feed  (Face  B). 

The  only  difference  between  this  configuration  and  the  previously  described 
linear  array  is  the  addition  of  the  main  array  lens.  The  contribution  from  each  of 
the  n  feed  elements  is  now  no  longer  that  of  the  isotropic  radiator,  but  a  Sl^-  —  pat¬ 
tern  steered  to  a  specific  angle  by  the  action  of  the  lens  transform.  An  a  priori 
knowledge  of  the  phase  and  amplitude  of  the  16  element  contributions  at  each  angle 
will  allow  the  determination  of  an  appropriate  weight  for  each  element  to  achieve  a 
desired  pattern. 

For  example,  if  we  examine  only  the  contributions  of  the  four  feed  elements  in 
the  center,  the  overall  pattern  value  at  an  angle  6  is  given  by: 

F(«>  =  A7C7(0)  +  A8C8(9)+A9C9<0)  +  A1OC1O(0) 
where, 

An  =  The  complex  weight  for  the  nth  element 

Cn(0)  =  The  complex  pattern  value  of  the  nth  element's  contribution  at  the 
angle  0 

For  a  given  F(0)  the  appropriate  weight  for  one  of  the  four  elements  can  be  written 
in  terms  of  the  other  three  element  weights  and  the  known  Cn<0),  giving, 

F(0)-A8C8W-A9C9(e)-AioCio<0) 

A7  =  - CJB) - 

This  equation  is  simplified  if  Ag,  Ag,  and  A1Q  are  assumed  to  have  unity  weighting 
(constant  amplitude,  equal  phase).  The  equation  then  reduces  to. 


A 
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F(fl)  -  Cg(6)  -  C 9(6)  -  C10(8) 

0,(6) 


The  appropriate  weights  for  the  four  elements  are  thus  determined;  the  appli¬ 
cation  of  these  weights  to  the  four  feed  elements  will  result  in  the  given  pattern 
value  at  the  angle  0.  It  should  be  noted  that  the  choice  of  A,  as  the  non-unity  con¬ 
trol  variable  was  purely  arbitrary.  A  similar  calculation  can  be  made  for  Ag,  Ag, 
or  A  Of  course,  the  overall  pattern  will  be  different  at  angles  other  than  0, 
depending  upon  the  chosen  control  weight. 

The  F(0)  value  can  be  made  to  assume  any  value  by  the  determination  of  appro¬ 
priate  element  weights.  In  particular,  If  F(0)  is  chosen  to  be  zero,  a  null  in  the 
overall  pattern  will  result.  The  pattern  can  be  controlled  and  given  many  different 
shapes  by  appropriately  weighting  the  feed  elements. 
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Control  at  more  than  one  angular  position  is  achieved  by  solving  a  set  of  simul¬ 
taneous  equations  of  the  farm  shown  above.  One  equation  is  written  for  each  de¬ 
sired  control  angle.  Solution  of  the  set  by  matrix  algebra  or  any  other  valid  method 
yields  the  appropriate  element  weights  for  the  chosen  control  elements.  For  two- 
angle  control  an  example  set  of  equations  would  be: 

F(V  -  A7C7(V  +  VW  +  C9(V  +  C10(V 
F<V  =  A7C7<V  +  A8C8(V  +  W  +  C10(V 

Using  elements  7  and  8  is  again  purely  arbitrary.  Any  pair  of  elements  can  be 
used  for  control;  however,  it  has  been  noted  that  the  best  overall  pattern  (in  terms 
of  rms  sidelobe  level)  is  achieved  when  the  control  weights  are  as  close  as  possible 
to  unity  weighting. 


2.  COMPUTER  MODELED  ADAPTED  PATTERNS 


The  16  feed  elements  on  face  B  of  the  antenna  allow  pattern  control  at  15  dis¬ 
crete  points  in  the  pattern.  Wide -band  nulls  can  be  achieved  by  clustering  null 
angles  close  together.  Figures  3a,  3b,  and  3c  show  various  positions  of  three 

pattern  nulls.  These  computer -modeled  patterns  were  generated  by  programming 

2 

Eq.  (1)  for  the  far-field  pattern  of  the  Overlapped  Subarray  Antenna 


16  16 

F(S*%)  =  ££  lP\exp  {-j2,rtip(R'1)so";iZ,r(^F)Rqnqp} 
p=l  n=l 

sin  60(*h  )  1 
X  sin  (*hn)  j 


(1) 


where, 

h„  ■  B  ($>)%*  4 

0  =  angle  from  boresight 

&0  -  scan  angle 

2.  Fante,  R.  L.  (1979)  Study  of  the  Radiation  Properties  of  Overlapped,  Subarrayed 
Scanning  Antennae,  hAdc-'I'K -’15-293,  aDAq62401. 
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Figure  3b.  Computer-Modeled  Far-Field  Pattern  With  Nulls  Placed  at  ^  =  13.  0 
and  0,  =  15.0° 


p  =  beam  port  number 


n  =  feed  element  number 
An  =  complex  feed  element  weight 
Ip  *  illumination  amplitude  taper 
qp  =  (p  -  8.  5) 

^  =  (n  -  8.  5) 

R  =  f/f0 

XQ  =  wavelength  at  the  center  frequency,  f 
A  =  feed  element  spacing 
6  =  main  array  element  spacing 

D  =  subarray  beam  separation  on  the  main  array  lens 
S  =  D/Ao  sin  » 

F  -  focal  length  of  main  array  lens 

S  «  D/A  sin  d 
o  o  o 

From  Eq.  (1),  it  can  be  seen  that  the  far-fleld  contribution  from  the  nth  feed  ele¬ 
ment  can  be  expressed  as 

16 

r.<*-v  ■  a»L,p“>' 

p=i 


The  successful  use  of  this  method  in  practice  rests  upon  the  ability  to  accurately 
determine  the  individual  element  contributions.  If  random  errors  exist  anywhere  in 
the  antenna,  this  accuracy  is  reduced.  Also,  as  this  method  is  inherently  open-loop 
with  no  feedback  of  information  to  the  control  algorithm,  these  random  phase  and 
amplitude  errors  are  not  compensated  for  in  the  weight  calculations.  The  method 
as  a  whole  is  highly  sensitive  to  these  errors  and  they  tend  to  fill  in  any  nulls 
achieved. 
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3.  JAMMING  SICNAL  DIRECTION  FINDING 


The  practical  application  of  this  method  to  an  actual  jamming  scenario  requires 
the  knowledge  of  the  approximate  angle  of  arrival  of  the  jamming  signals.  These 
become  the  angles  at  which  nulls  are  desired.  This  requirement  can  be  satisfied 

by  implementing  the  following  locator  in  the  form  of  an  auxiliary  array. 

3 

In  the  Applebaum  adaptive  algorithm  the  information  on  the  jammer  angles  is 
contained  in  the  noise  covariance  matrix.  There  should  be  an  operation  which, 
when  performed  on  the  covariance  matrix,  will  yield  the  correct  jammer  angles. 

For  example,  if  we  have  two  discrete  jammers  of  arbitrary  power  and  direction, 
the  covariance  matrix,  M,  for  a  three  element  array  is  given  by. 


M  = 


Pl  +  P2  +  Pq 

'j0i  -jP: 2 

Pje  1  +  P2e 


J0i  302  2j0  2j0 

Ple  +P2e  Ple  1  +  P2e 


Pl  +  P2  +  Pq 


30t  302 

Pje  1  +  P2e  * 


-2jp  -2J02 

P!e  +P2e  Ple 


■i0i  -102 

1  +  P2e  ‘  I  '  r2  q 


where  P^  and  are  the  respective  jammer  powers  and  P^  is  the  quiescent  noise 
power  in  each  channel. 

The  Applebaum  adaptive  loop  inverts  this  matrix  and  (if  quiescent  weighting) 
then  sums  the  elements  of  each  row  to  determine  the  appropriate  weight  vector  W. 
The  antenna  pattern  may  be  found  by  the  dot  product  of  this  weight  vector  with  a 
vector  B  of  the  form. 


B  -  (l  e***] 


The  result  is  a  pattern  with  nulls  at  0t  and  02 . 

If  Instead  of  using  the  inverse  of  the  covariance  matrix  in  hie  above  procedure, 
we  first  subtract  the  quiescent  noise  power  from  each  of  the  diagonal  elements  and 
use  the  adjoint  of  this  deleted  covariance  matrix,  we  find  the  following. 


Adj  Mdpl 


(1) 

(2) 

(3) 

P1P2 

(4) 

(5) 

(6) 

Cl) 

<8> 

(9) 

3.  Applebaum,  S.  P.  (1976)  Adaptive  arrays,  IEEE  Trans  Antennas  Propag. 
AP-24(No.5):585-598.  - 


where, 


30i  -30o  "30 1  302 

(1)  -  2  -  e  1  e  2  -  e  1  e  2 

30,  30o  230i  *j0o  -30  1  230  2 

(2)  =  -e  1  -  e  2  +  e  1  e  2  +  e  1  e  2 

30i  30,  -230,  2j0 

(3)  =  2e  1  e  2  -  e  1  -  e  2 

-J0,  -30,  301  -2j02  -233.  30, 

(4)  =  -e  1  -  e  2  +  e  1  e  2  +  e  1  e  2 

233.  -233,  -2j3.  233, 

(5)  -  2  -  e  1  e  2  -  e  1  e  2 

33.  33,  233.  -33,  -30,  233, 

(6)  =  -e  1  -  e  2  +  e  1  e  2  +  e  1  e  2 

-30,  -30,  -230,  -230, 

(7)  =  2e  1  e  2  -  e  1  -  e  2 

-30,  -30  ,  30,  -230,  -2j3.  332 

(8)  =  -e  1  -  e  2  +  e  1  e  2  +  e  1  e  2 

30,  "30,  "30i  302 

<9)  =  2  -  e  1  e  2  -  e  1  e  2 


The  weight  vector  is  found  by  summing  the  elements  of  each  row  in  this  adjoint. 
When  the  dot  product  of  this  weight  vector  and  the  vector  B  is  taken,  we  find  that 
when  0  equals  0j  or  3j  the  pattern  value  is  near  zero.  When  3  is  any  other  value 
the  pattern  value  is  relatively  constant  (see  Figures  4a,  b,  c).  Therefore  the  dis¬ 
continuities  in  the  resultant  pattern  indicate  the  directions  of  arrival  for  the  two 
jamming  signals.  This  has  been  shown  to  be  true  only  when  the  number  of  jam¬ 
mers  is  one  less  than  the  number  of  elements  in  the  locating  array. 

The  implementation  of  the  locating  array  is  fairly  simple.  A  linear  array  with 
a  number  of  elements  which  is  greater  than  the  suspected  number  of  jammers  is 
mounted  in  the  same  orientation  as  the  main  array  lens.  A  tap  loop  is  established 
behind  each  element  to  determine  the  noise  covariance  matrix.  An  assumption  is 
made  as  to  the  quiescent  noise  power  level  and  the  deleted  covariance  matrix  is 
formed.  The  adjoint  of  this  covariance  matrix  is  then  determined.  If  the  severe 
discontinuities  do  not  occur,  then  the  tap  loop  from  an  end  element  is  electronically 
deleted  from  the  array  and  the  computations  are  performed  again.  This  process 
is  continued  until  the  discontinuities  occur  and  the  jammers  may  now  be  nulled 
from  the  pattern  of  the  Overlapped  Subarray  Antenna. 

A  two-dimensional  Overlapped  Subarray  Antenna  might  be  made  more  compact 
and  more  maneuverable  by  using  one  of  the  horizontal  rows  of  main  array  elements 
as  the  locating  array. 
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Figure  4c.  Pattern  From  Locating  Array  Indicating  Two  Closely  Spaced  Jam¬ 
ming  Signals  Where  0  «  12.  o°.  6  .  13.  o°,  p  .  1000  W,  P,  «  0. 5  W,  and 
Pq  -  i.  0  W  1  *  1  2 

4.  CONCLUSIONS 

The  procedure  described  above  is  effective  in  reducing  susceptibility  to  Jam¬ 
ming  signals.  The  processing  can  be  entirely  electronically  controlled.  If  the 
system  errors  can  be  kept  to  a  minimum  toe  performance  will  not  be  greatly 
degraded. 


